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DISCLAIMER 
The contents of this report were based on the best available information at the time of 
publication.  It is based in part on various assumptions and predictions.  Conditions may 
change over time and conclusions should be interpreted in the light of the latest information 
available. 
For further information contact: 
Mr Mark Pridham 
Rural Towns Program Manager 
Department of Agriculture 
Locked Bag 4 
Bentley Delivery Centre   WA   6953  
Telephone:  (08) 9368 3333 
 State of Western Australia, 2004 
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Summary 
A groundwater study was carried out in the townsite of York in April-May 2002.  The purpose 
was to collect information on local groundwater systems that could be used to develop a 
salinity management strategy.  The study included a drilling program, which established a 
network of monitoring bores.  Seventy-seven monitoring bores were installed at 32 sites as 
well as a production bore for testing aquifer properties.  
The regolith beneath York consists of alluvial sediments that infill a palaeochannel of the 
proto-Avon River.  Away from the river, more recent colluvium overlies the sediments, which 
become thinner with distance from the main palaeochannel and in turn, overlie weathered 
saprolite.  Depth to bedrock is up to 15 m below ground in the weathered saprolite and up to 
75 m below ground level in the alluvial palaeochannel regolith.  Groundwater levels were 
within a metre of the surface on the lower terrace of the Avon floodplain.  Elsewhere 
watertables are greater than 3 m below ground level. 
At present, York has a low salinity risk.  Groundwater salinity was marginal to saline.  
Shallow watertables were generally more saline than intermediate aquifers, which in turn 
were more saline than deep aquifers.  An apparent plume of saline water in an intermediate 
depth aquifer extending down the gradient from the football and hockey grounds registered 
the highest salinity.  Damage to buildings and infrastructure in the town is likely due to water 
perching on impermeable surface and near-surface clay soils.  
Recommended actions include revegetating bare land with perennials to increase water use 
and reduce waterlogging and recharge, greater uptake of the sewage infill scheme and 
adoption of Waterwise strategies.  
Consideration should also be given to improving the surface water drainage system to 
reduce damage from waterlogging.  Groundwater monitoring should continue at least four 
times a year for the next 10 years to determine if the watertable is rising.  The monitoring 
bore network in place will act as an early warning tool to identify changes in salinity risk in 
York. 
The Shire needs to undertake a feasibility study before developing the groundwater resource 
through pumping and desalination as an alternative water supply. 
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1. Introduction and background 
York joined the Rural Towns Program to resolve groundwater problems associated with 
shallow watertables that have been affecting buildings and infrastructure within the town.  For 
some years water has been seeping into basements of buildings along Avon Terrace and 
groundwater is thought to be contributing to the deterioration of foundations in many of 
York’s historical buildings. 
The York groundwater study consisted of a drilling program, establishment of a piezometer 
network and a production bore and monitoring bore array which was used for determining 
aquifer properties.  This report documents the background information on the town and its 
catchments (Section 1), the hydrogeological investigation (Section 2 and 3) and then 
recommendations for managing the town's salinity risk effectively (Section 4). 
1.1 The town of York 
York is located on the Great Southern Highway 96 km east of Perth (see Figure 1-1).  The 
town was established in 1831 on the banks of the Avon River, and is the oldest inland 
country town in Western Australia.  
York’s main role has been to service the surrounding farming community; however it also 
plays an important role in the region’s tourism industry.  Agricultural service infrastructure 
includes a Cooperative Bulk Handling facility and a number of agricultural consultants and 
stock agencies.  Tourism is serviced by three hotels, a motel, numerous lodging houses and 
a host of historical, cultural and natural attractions around the district.   
The town population in 2002 was approximately 2000.  The number of dwellings was 
estimated at 800 (Shire of York Building Inspector, pers. comm.). 
The total urban area is around 700 ha but includes over 400 ha of low density semi-rural 
property in the north-west and east of town.  This report focuses on the intensively settled 
area of approximately 300 ha bounded by Ulster Street, Brunswick Street and Talbot Brook 
west of the river and Cowan Road, and Mount Brown east of the river. 
1.2 Description of the catchments 
York straddles the Avon River, which flows from south to north through the town.  York fully 
occupies the terraces of the Avon floodplain for approximately 2 km, and extends 750 m 
upslope on the east bank and 1400 m on the west bank.  The portion of York in this study 
lies within two catchments separated by the Avon River.  West of the river, a 1000 ha 
catchment drains agricultural land containing scattered remnant vegetation on rocky upper 
slopes.  East of the river, the catchment area is 210 ha and comprises remnant vegetation 
and townscape on the westerly slope of Mount Brown (Figure 1-2).  
The Avon River catchment extends into the east of the Central Agricultural Region, covering 
300 km by 400 km (Beard 1999).  During high flow events, flooding occurs on the lower 
terraces of the floodplain affecting domestic and business premises.  In January 2000, flood 
waters rose to the rear of premises on the east side of Avon Terrace.  
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Figure 1-1. Regional setting of York townsite 
1.3 Geology 
York lies within the western edge the Jimperding Metamorphic Belt (JMB).  To the west of 
the Avon River, the town is underlain by metamorphic rocks including migmatite, gneiss, and 
amphibolite.  Lateritic remnants exist in the upper part of the western catchment.  East of the 
Avon, bedrock in the vicinity of Mount Brown is predominantly quartz-felspar-biotite gneiss, 
often with elongated areas of outcrop rich in quartz and feldspar and significant outcrop of 
fine to medium grained adamellite granite with abundant pegmatite (Low et al. 1978).   
Sediments from the late quaternary to recent times have infilled the Avon Valley.  
The Geological Survey’s 1:250,000 Perth map sheet shows a prolific array of lineaments with 
a general north-north-east trend throughout the JMB and near York.  These structures are 
composed of ultramafic, mafic and felsic material and intergrades and mixtures of these.  
Close to York, dolerite dykes with an east-north-east trend are evident in aerial photography 
and are mapped in Figure 1-2. 
1.4 Climate 
York experiences hot and mainly dry summers followed by cool, relatively wet winters.  It has 
a mean annual rainfall of 450 mm of which 360 mm falls in the May to October growing 
season.  Mean annual evaporation data is not recorded, however interpolating from data 
recorded at surrounding stations gives a figure of 2000 mm/year for York.  At the nearby 
Northam weather station, mean monthly rainfall exceeds mean monthly evaporation only 
inJune, July and August and this is likely to be similar at York.  Other data are shown in 
Table 1.1. 
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Figure 1-2. York townsite, catchment boundaries and some lineaments near the town 
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Table 1.1.   Selected climate information for York (Bureau of Meteorology 2002) 
Aspect Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total 
Mean monthly rainfall 
– mm 9.5 14.6 16.8 24.1 60 87.9 85.5 65.9 37.4 25.5 12.6 10.1 450 
Median (5th decile) 
monthly rainfall - mm 1.7 4.2 6.4 17.9 52.7 83.8 81.2 59.4 33.1 20.1 8.7 4.0 447 
1 in 10 wet year 
rainfall - mm 31.4 44.7 43.2 55.1 117 136.0 127.0 113.0 68.6 53.6 29.2 27.8 591 
1 in 10 dry year 
rainfall - mm 0 0 0 1.8 12.4 36.4 35.3 24.9 12.7 4.6 0.5 0 325 
Highest monthly 
rainfall -  mm 126.0 210 202 100 151.0 260.0 231.0 188.0 136.0 130.0 76.0 63.0 - 
Mean no. of rain days 1.4 2.2 2.7 5.8 9.8 14.6 15.3 13.0 10.0 6.2 4.2 2.1 87.5 
Mean daily maximum 
temperature - °C 33.6 32.9 30 25.5 20.6 17.4 16.4 17.6 20.1 23.5 27.9 31.5 24.8 
Mean daily minimum 
temperature - °C 16.6 16.7 14.8 11.3 7.9 6.4 5.3 5.4 6.5 8.4 12.0 14.9 10.5 
1.5 Hydrogeology 
Until the present investigation, no hydrogeological information had been published for York.  
Local geomorphology suggests that two hydrogeological systems operate within York’s 
catchments; the system on the hill slopes being distinct from that operating in the valley.   
1. Hillslope hydrogeology.  The predominance of outcropping bedrock and of numerous 
lineaments indicated that aquifers were likely to be small and compartmentalised, 
extending from the slopes into the valley.  Aquifers could be expected to occur within 
the: 
● relatively permeable active weathering contact zone between bedrock and 
saprolite; 
● fractured margin and contact zone of dykes and the original bedrock; and  
● permeable surface and subsurface soils during wet winters.  
These aquifers are probably recharged through permeable soils and fractures 
associated with the basement rock, and discharge above dykes and basement 
outcrops, and within the drainage line further down slope.  Discharge is likely to vary 
with seasonal rainfall.  The direction and continuity of flow is likely to be influenced by 
numerous dolerite dykes. 
2. Valley hydrogeology.  The valley groundwater system is likely to consist of a complex 
of relatively transmissive and interconnected aquifers and aquitards within the tertiary 
sediments.  Recharge to this system occurs through the Avon River, fed by basal 
discharge from adjoining catchments.  Due to the large catchment upslope, large 
volumes of groundwater may be expected to flow within this system. 
1.6 Natural drainage 
York lies in the Zone of Rejuvenated Drainage (Lantzke and Fulton 1993).  This is 
characterised by dissected and undulating landscapes with valleys that are steep and narrow 
in comparison to those further east in the Zone of Ancient Drainage.   
Adequate gradients (over 2.5%) exist on slopes to form well defined drainage lines through 
York.  However, the creekline draining from the west has been modified downstream from 
the railway line.  At this point it is confined to a 100 m long, 900 mm diameter concrete pipe 
as it passes under the railway line and beneath the old school grounds to emerge into a 
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constructed, partly rock-lined channel which conveys flows to the river.  The piped section 
may restrict flow during episodes of high run-off from the catchment.  
On the east side of the Avon River, run-off is directed into culverts under streets then allowed 
to flow in the natural drainage lines. 
1.7 Town water supply and disposal 
The WA Water Corporation sold 422,000 kL of water into York in 2002 (down on the five-year 
average of 450,000 kL as a result of water restrictions).  In addition, 22,000 kL of waste 
water was treated in the York treatment plant and all treated water (18,000 kL) was reused to 
irrigate football and hockey grounds (Water Corporation Annual Returns, Northam Regional 
Office, pers. comm.).  The source of the discrepancy between the volumes could not be 
determined from Water Corporation records, but may have been lost through evaporation. 
The Shire of York is a participant in the State Government’s Infill Sewerage Scheme, which 
currently applies to all the properties from Pool and Fisher Streets between the railway line 
and the river.  Within this area, 186 properties have access to deep sewerage, including 62 
residential, 74 commercial, 21 other and 29 vacant lots.  As of December 2002, the total 
number of properties connected under the scheme was 87 (35 residential; 43 commercial; 
and nine others) leaving 70 occupied properties unconnected.  
A smaller area east of the Avon River and west of Panmure Street between Brook Street and 
McCarthy Place is also targeted under the infill program and may be sewered by 2009.  The 
remaining residential properties, currently not targeted under the infill program occupy an 
equivalent area to that of the current and proposed infill areas.  These properties remain on 
septic systems. 
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2. Hydrogeology investigation 
The hydrogeology investigation consisted of a drilling program, the installation of a network 
of monitoring bores and piezometers and initiation of a long term monitoring program to 
evaluate salinity risk.  Options to prevent and manage salinity and related problems are 
suggested at the conclusion of this report. 
2.1 Previous investigations 
Seventeen private domestic bores were measured by Community Landcare Coordinator, Liz 
Manning in 2001 to gain an indication of watertable depth and salinity within the town.  Water 
level, electrical conductivity and bore depth were recorded for each.  Most bores were less 
than 30 m deep, though two were deeper including one to 60 m.  In the bores where 
watertable was measured it was found to be between 4 and 8 m below ground level.  
Electrical conductivity was below 600 mS/m in all bores, generally lowest on mid-slopes and 
highest adjacent to the river and on low slopes near drainage lines.  
2.2 Method 
The following information was reviewed prior to selecting sites for nested piezometers: 
● 2-metre elevation contours showing natural surface water drainage (produced by Client 
and Resource Information System, Department of Agriculture) 
● 1:250,000 regional geological mapping (Low, Lake and Wilde 1978) 
● 1:25,000 colour aerial photography (DOLA 1992) 
● 1:10,000 colour aerial photography (DOLA 1995) 
● AQWABASE (Water and Rivers Commission database).  No registered bores were 
identified within the town boundary. 
2.2.1 Drill site selection 
Drill sites were selected to determine depth to bedrock, regolith and aquifer characteristics 
for all landscape units within the York townsite.  Thirty-two sites were chosen, giving good 
coverage across the central business district and at an adequate density to permit 
groundwater modelling in the future.  Sites were moved slightly where necessary to avoid 
infrastructure (power lines, telecommunication cables, and water and sewage facilities).  
Bore locations are shown in Figure 2-1. 
2.2.2 Drilling methods 
Drilling was undertaken between 13 February and 8 March 2002 by Austral Drilling using a 
reverse circulation air-core drill rig.  Monitoring bores were drilled using a 125 mm-diameter 
bit.  At each site, composite samples were collected from the cyclone attached to the drill 
rig’s sample hose at every metre down to bedrock.  For each hole, drill logs and bore 
completion details were recorded.  A production bore was drilled using mud-rotary equipment 
with a 250 mm diameter drill bit.  
The production bore (02YKPB) and an array of four piezometer nests were installed opposite 
the York Shire offices and aquifer testing was undertaken in April 2003.  The nested sites 
were located at sufficient distance from the production bore for a 72 hour aquifer test. 
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Figure 2-1. Location of Community Boreholes Project bores in York townsite 
Seventy-seven piezometers were installed at 32 sites (including the four sites for monitoring 
the aquifer test).  Bores were named according to Department of Agriculture bore 
identification nomenclature.  Shallow, deep and intermediate bores were installed at most 
sites to measure the magnitude and direction of vertical and horizontal heads and establish 
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where recharge and discharge conditions occurred and the direction of groundwater flow 
through the town.  Bore details are listed in Table 2-1.   
At 02YK09 where drilling was halted at 6 m, an observation bore was installed.  At sites 
drilled into sediments where multiple aquifers were encountered, three or four bores were 
installed.  In all cases but one (02YK11) deep holes were drilled and cased to bedrock.  At 
02YK11 drilling was halted at 18 m as the hole was unstable. 
02YK14S was designated as the Community Bore due to its prominent location in Peace 
Park. 
2.2.3 Piezometer construction 
The monitoring bores were constructed with 50 mm-diameter class 12 PVC casing.  All 
piezometers and observation bores were installed with 2 m slotted screen at their base.  Slot 
size for bores 02YK01 to 02YK20 was 1 mm and thereafter slots were 0.5 mm wide to 
reduce the amount of fine material passing through the screens.  A gravel pack of '8 x 16' 
graded sand (about 1.2 to 2.4 mm diameter) was placed in the annulus extending to just 
above the slots.  Bentonite pellets were placed above the gravel packs (except in the case of 
observation bores). 
All piezometers and observation bores were developed by air-lifting with a high capacity air 
compressor (150 cfm) following construction.  Development was halted once water from 
bores became clear. 
The production bore was installed with 155 mm-diameter PVC casing which was slotted 
(1.0 mm-wide slots) from 19 m to 42.3 m below ground.  The gravel pack of graded sand was 
placed to cover the slots.  Bentonite pellets were placed over the gravel pack and the 
remainder of the hole was backfilled with drill cuttings. 
The production bore was developed by air-lifting with the drill rig's compressor for six hours. 
All bores were completed with lockable steel headworks.  Refer to Table 2.1 for details. 
2.2.4 Groundwater measurements  
Groundwater levels and electrical conductivity (EC) for all the bores drilled were measured 
initially on 18 March and every six weeks thereafter until June 2002.  The June 2002 data are 
used in this report.  The Department of Agriculture will continue to monitor depth, EC and pH 
in these bores every three months for the next three years. 
Electrical conductivity and pH values were measured in the field using a WTW LF330 down-
hole probe. 
Flow rates from deep bores were estimated by timing flow into a bucket during airlifting. 
2.2.5 Surveying 
The location (eastings and northings in GDA94 UTM for Zone 50) and height above AHD in 
metres for all piezometers were established using a differential global positioning system with 
an accuracy of approximately ±0.10 m horizontally and vertically.  
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2.3 Results 
2.3.1 Profile description 
Regolith thickness varied from zero on upper slopes and crests, to 75 m at 02YK02 beside 
the Avon River.  The deepest regolith occurred in valley and low slope positions where 30 to 
75 m of alluvial sequences overlie crystalline basement.  With increasing distance from the 
valley, thinner saprolite regolith was encountered ranging from 11 to 30 m thick.  Figure 2-2 
shows inferred bedrock surface contours based on bore hole data points, and indicates the 
probable position of the proto-Avon River palaeochannel.  
Alluvial sediments where encountered at all sites drilled on valley and lower slope positions 
in the York program.  On the valley sites at 02YK01 and 02YK02, the sediments overlie 
competent bedrock.  Layers of carboniferous material (mainly wood) were encountered 
below 34 m at all sites drilled into alluvial sediments, but this material could not be dated.  
The sediments beneath York are unlikely to be older than the Miocene sediments collected 
from the Salt River valley upstream from the Yenyenning Lakes (Salama 1997). 
 
Figure 2-2. Bedrock topography; metres above AHD and proto-Avon River palaeochannel 
Alluvium was generally heavy sandy clay at the surface, with sand interbedded in clays at 
depth. However, at one valley site, the top 2 m was also sandy textured. 
Sand sequences were up to 20 m thick in the palaeochannel.  Ferricrete and silcrete layers 
were present in the upper 3–10 m on lower slope sites but absent from the top 10 m on 
valley sites and upland saprolitic regolith sites.  Alluvial sediments were absent on mid and 
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upper slopes.  The gritty weathering zone above bedrock was generally thinner (0–12 m, 
median 2 m) and contained more clay than the coarse-grained, relatively transmissive 
granitic saprolite aquifers commonly found throughout the wheatbelt (George 1990, George 
et al. 1992).  
Basement rock was variable across all sites with granite and granodiorite predominant west 
of the Avon River and gneiss predominant on the eastern side of the Avon River.  Gabbro 
bedrock was encountered at 02YK09, 02YK10 and 02YK26.  Bedrock elevation ranged from 
198 m above Australian Height Datum (AHD) at 02YK07 to 98 m above AHD at 02YK02. 
Cross-sections of four transects are illustrated in Figures 2-3 to 2-6, and their locations are 
shown on the bore location map (Figure 2-1).  Drill logs and bore completion details are 
provided in the Appendix.   
2.3.2  Groundwater data 
Groundwater information in this report is derived from data recorded on 12 June 2002 and 
displayed in Table 2-1.  
2.3.2.1  Groundwater levels 
Depth to watertables was closely related to landscape position.  Watertables in the bores on 
the floodplain were closest to the surface.  At site 02YK13, shallow watertable and 
piezometric head were 1.59 m and 0.97 m below ground level respectively and at 02YK11, 
2.3 and 2.2 m respectively.  Elsewhere water levels in shallow and deeper bores were all 
more than 3.4 m below ground level and deepest on the middle and upper slopes.  
Thirteen sites had dry shallow bores (including two sites also with dry deep piezometers).  
These occurred on mid to upper slopes, at the base of slopes with shallow soil over rock and 
on well drained sites beside the Avon River. 
2.3.2.2  Groundwater gradients 
Shallow watertables (i.e. less than 8 m bgl) were found at 19 sites.  At seven of these, water 
levels were higher in shallow bores than in deep bores, indicating a downward groundwater 
flow component, i.e. recharge conditions.  However at 10 sites (02YK01, 02YK02, 02YK03, 
02YK11, and 02YK17, i.e. all the valley floor sites and 02YK04, 02YK13, 02YK14, 02YK15, 
02YK29 and 02YK32 in lower slope positions) where watertables were less than 10 m bgl, 
levels in deep and intermediate bores were higher than in shallow bores, producing an 
upward flow component into shallow aquifers. 
The lateral gradients sloped toward the Avon River and then downstream along its course, 
decreasing in magnitude with distance along the flow line.  On the mid-slopes between 
02YK21 and 02YK18 the gradient was 0.012, on the lower slopes between 02YK15 and 
02YK13 and across the valley floor it was 0.003 and only 0.0008 through the Avon River 
sediments (between 02YK20 and 02YK01).  
2.3.2.3  Groundwater electrical conductivity (EC) 
Electrical conductivities measured in deep bores ranged from 166 to 800 mS/m (mean 
390 mS/m; median 330 mS/m).  Intermediate bores ranged from 210 to 1480 mS/m (mean 
540 mS/m; median 520 mS/m) and shallow bores from 150 to 1290 mS/m (mean 550 mS/m; 
median 580 mS/m).  Values are listed in Table 2-1.  
The highest EC were recorded in the shallow and intermediate bores near the football and 
hockey grounds, at the school (02YK18S), on the railway reserve east of the hockey ground 
(02YK19I), by the old railway station (02YK20S) and in the Ambulance Hall car park 
(02YK32S).  EC values were up to twice that measured at neighbouring sites in bores at 
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similar depths.  Values in bores installed at similar depths declined with distance from the 
sportsground to approach mean values.  
2.3.2.4  Groundwater flow rates 
Flow rates measured during air lifting from saprolite aquifers were generally low to negligible 
and in all cases below 0.1 L/s.   
Aquifers in palaeochannel sediments were much more productive, yielding up to 2 L/s during 
air lifting at 02YK20D adjacent to the railway station.  While drilling at 02YK02 on River 
Road, groundwater flow from sediments between 54 and 66 m was estimated to be in excess 
of 4 L/s from the uncased hole.  A monitoring bore was not installed in this aquifer.  The 
production bore installed at Peace Park, which intersected palaeochannel sediments, 
produced 4 L/s during development.  
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Figure 2-3.  Cross-section along Brunswick Street transect 
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Figure 2-4.  Cross-section along South Street transect 
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Figure 2-5.  Cross-section along Mount Brown transect 
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Figure 2-6.  Cross-section along palaeochannel transect 
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Table 2-1.   Piezometer site, drilling, construction and electrical conductivity 
(12 June 2002) 
Bore hole 
Ground 
elevation above 
AHD# (m) 
Total 
depth 
bgl (m) 
Top of 
screened 
interval (m) 
Groundwater
depth bgl## 
(m) 
Groundwater
elevation above
AHD#$ (m) 
EC 
(mS/m) 
Estimated
flow  
(L/sec) 
02YK01D 172.6 35.15 33.15 3.93 168.7 536 1 
02YK01I 172.6 20.61 18.61 4.24 168.3 516 negligible 
02YK01S 172.6 7.92 5.92 4.82 167.7 746 NE* 
02YK02D 172.9 71 69.00 3.71 169.2 429 >2 
02YK02I 172.9 19.10 17.10 4.64 168.3 356 negligible 
02YK02S 172.9 7.93 5.93 4.80 168.1 700 NE* 
02YK03D 174.4 44.60 42.60 4.52 169.9 522 0.1 
02YK03I 174.3 16.95 14.95 4.99 169.3 563 NE* 
02YK03Ob 174.3 2.91 0.91 DRY   nil 
02YK04D 174.3 12.56 10.56 5.76 168.5 279 0.01 
02YK04S 174.3 8.19 6.19 5.93 168.4 276 0.1 
02YK05D 176.5 13.67 11.67 4.83 171.7 804 NE* 
02YK05S 176.5 6.93 4.93 4.66 171.8 195 NE* 
02YK06D 186.6 14.57 12.57 4.84 181.7 207 0.1 
02YK06S 186.6 7.97 5.97 4.82 181.7 211 NE* 
02YK07D 205.2 8.35 6.35 DRY   nil 
02YK07S 206.2 2.68 0.68 DRY   nil 
02YK08Ob 191.5 1.80 -0.20 DRY   nil 
02YK09O 180.1 5.38 3.38 DRY   nil 
02YK10D 175.2 10.32 8.32 5.32 169.8 256 0.05 
02YK10S 175.1 4.68 2.68 DRY   nil 
02YK11I 171.2 17.47 15.47 2.14 169.0 207 0.4 
02YK11S 171.1 7.51 5.51 2.27 168.8 327 0.03 
02YK11Ob 171.0 4.91 2.91 2.27 168.8 535 NE* 
02YK12D 178.9 5.02 3.02 DRY   nil 
02YK12Ob 178.9 2.97 0.97 DRY   nil 
02YK13D 170.7 31.37 29.37 0.97 169.7 276 0.33 
02YK13I 170.7 8.89 6.89 1.56 169.1 786 0.07 
02YK13S 170.7 5.33 3.33 1.59 169.1 566 NE* 
02YK14D 173.8 53.44 51.44 3.93 169.9 345 0.5 
02YK14I 173.8 21.96 19.96 4.29 169.5 528 1.0 
02YK14S 173.8 5.99 3.99 4.33 169.4 410 NE* 
02YK15D 177.5 20.65 18.65 5.83 171.6 497 NE* 
02YK15S 177.4 7.92 5.92 5.92 171.5 628 NE* 
02YK16D 179.8 15.28 13.28 6.62 173.2 430 0.02 
02YK16S 179.8 7.73 5.73 6.28 173.5 153 0.002 
02YK17D 175.0 36.45 34.45 5.35 169.6 625 0.7 
02YK17I 174.9 23.28 21.28 5.44 169.5 492 0.07 
02YK17S 174.8 7.74 5.74 5.50 169.3 832 NE* 
02YK18D 180.9 16.79 14.79 4.81 176.1 166 negligible 
02YK18S 180.9 5.96 3.96 4.37 176.6 935 nil 
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Table 2-1 continued … 
Bore hole 
Ground 
elevation above 
AHD# (m) 
Total depth
bgl (m) 
Top of 
screened 
interval (m) 
Groundwater
depth bgl## (m)
Groundwater 
elevation 
above 
AHD#$ (m) 
EC 
(mS/m) 
Estimated
flow  
(L/sec) 
02YK19D 177.0 26.99 24.99 5.27 171.7 637 NE* 
02YK19I 177.0 15.4 13.40 4.56 172.5 1483 NE* 
02YK19Ob 177.1 3.90 1.90 DRY   NE* 
02YK20D 177.0 57.50 55.50 6.99 170.0 578 2.0 
02YK20I 177.0 25.12 23.12 6.95 170.1 553 NE* 
02YK20S 177.0 10.01 8.01 6.92 170.1 1287 NE* 
02YK21D 190.6 16.39 14.39 3.42 187.1 291 NE* 
02YK21S 190.6 6.93 4.93 3.36 187.2 242 NE* 
02YK22D 173.7 22.94 20.94 4.53 169.2 241 0.3 
02YK22S 173.7 3.96 1.96 DRY   nil 
02YK23D 175.9 12.80 10.80 7.06 168.9 191 negligible 
02YK23S 176.0 5.30 3.30 DRY   nil 
02YK24D 185.8 10.00 8.00 DRY   nil 
02YK24Ob 185.8 4.42 2.42 DRY   nil 
02YK25D 175.6 58.85 56.85 6.49 169.1 478 <1 
02YK25M 175.5 36.34 34.34 6.46 169.1 323 >1 
02YK25I 175.5 28.39 26.39 6.44 169.0 327 NE* 
02YK25S 175.4 5.64 3.64 DRY   nil 
02YK26D 176.1 27.79 25.79 6.62 169.5 190 NE* 
02YK26I 176.0 16.44 14.44 6.71 169.3 468 NE* 
02YK26Ob 176.1 4.53 2.53 DRY   nil 
02YK27D 188.4 11.39 9.39 7.44 180.9 280 NE* 
02YK27Ob 188.4 5.36 3.36 DRY   nil 
02YK28D 176.0 29.35 27.35 4.72 171.3 319 negligible 
02YK28I 175.9 17.69 15.69 4.93 171.0 315 nil 
02YK28Ob 175.9 5.27 3.27 4.61 171.3 205 negligible 
02YK29I 174.2 35.39 33.39 4.47 169.8 518 NE* 
02YK29S 174.3 11.01 9.01 4.77 169.5 534 NE* 
02YK30I 174.8 35.32 33.32 4.93 169.9 439 <2 
02YK30S 174.7 11.60 9.60 5.15 169.6 494 NE* 
02YK30Ob 174.7 7.23 5.23 5.09 169.6 529 NE* 
02YK31I 176.0 34.54 32.54 6.11 169.9 556 NE* 
02YK31S 176.0 11.53 9.53 6.37 169.6 687 NE* 
02YK31Ob 176.0 7.00 5.00 6.33 169.7 650 NE* 
02YK32I 176.3 34.99 32.99 6.37 169.9 543 NE* 
02YK32S 176.3 11.55 9.55 6.52 169.7 1260 NE* 
02YKPB1 175.3 42.30 19.00 5.57 169.8 567 3–4  
# AHD – Australian Height Datum. 
## Below ground level.  NE – not estimated.  Ob suffix indicates shallow bore installed without 
bentonite. 
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3. Interpretation and discussion of results 
3.1 Recharge 
Sources of groundwater recharge likely to affect watertable levels below the area subject to 
this investigation occur within the town itself, on upslope cleared land to the west, rocky 
slopes to the east and from the Avon River when river levels are higher than adjacent 
watertable levels.  The data collected to date were not sufficient to reliably estimate rates of 
recharge or assign estimates of contributions from principal sources.   
3.1.1 Recharge within York townsite 
Within the townsite, sources of recharge may include: 
● direct infiltration of rainfall, particularly on bare and sparsely vegetated areas and 
especially those with sandy and gravel soils or waterlogged areas;  
● infiltration of excess irrigation water applied to parks, sporting facilities and domestic 
gardens;  
● infiltration from drainage lines, partly-lined channels and unsealed drains of run-off 
water from the surrounding catchment; 
● infiltration of run-off from roads, roofs and other hard surfaces into unlined gutters, 
particularly where run-off accumulates and ponds on unsealed ground; and  
● leakage from water pipes, the town dam, septic tanks and leach drains.  
Recharge within the town during the recent run of dry seasons could be expected to be lower 
than under average rainfall conditions.  
The impermeable heavy clay soils and hardpans underlying much of the lower slopes in York 
may actually impede deep drainage (recharge) and lead to the formation of perched shallow 
watertables during wet periods.  Compaction below streets and the railway line can impede 
throughflow in the upper part of the soil profile (Shawan Dogramaci pers. comm.) and help to 
maintain these seasonal perched watertables.  Some residents reported valley soils with high 
infiltration rates.  These probably occur where only minor hardpans and free draining sandy 
textured surface soils are encountered. (02YK11 was the only such site encountered during 
drilling.)  Longer-term bore monitoring is required to establish when and where most 
recharge occurs. 
3.1.2 Recharge upslope of York townsite 
The potential for recharge is high in the permeable upland gravelly and sandy lateritic soils 
and in the gritty shallow soils and fractures associated with outcropping bedrock and dolerite 
dykes on the upslope land surrounding York.  However, the catchment west of York contains 
numerous dolerite dykes (refer to Figure 1-2) that traverse or lie across the drainage line.  
These may act as conduits for groundwater moving toward the drainage line but act as 
barriers to groundwater moving parallel to the drainage line toward the river.  Consequently, 
recharge from deep groundwater upslope of York townsite is considered to be negligible; 
instead groundwater is most likely discharged into the drainage line from aquifers associated 
with dykes. 
3.1.3 Recharge from the Avon River 
During periods of high flows in the Avon River when river water levels are higher than 
groundwater levels, the river can become a ‘losing stream’ and recharge adjacent shallow 
aquifers.  Elevated river levels would also restrict the rate of discharge into the river by 
reducing or reversing groundwater gradients below the river floodplain. 
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3.2 Groundwater flow systems 
Three main flow systems were identified in this study: a shallow seasonal, perched system: a 
deep system within the weathered saprolite; and a system of intermediate aquifers within the 
permeable sediments associated with the palaeochannel.  
Surficial perched aquifers are ephemeral, forming in winter, mainly on the lower slopes.  
These systems are likely to be restricted in extent, occurring mainly where run-off 
accumulates.  Rates of flow through these systems can range from very slow in heavy clay 
or compacted soils to relatively rapid in sandy textured soils and where macropores (such as 
those created by decayed tree roots and soil cracking) provide preferred flow paths (Lewis 
2000).  
Ferric and silicious layers, and heavy clays in the top 10 m of the regolith indicate that 
regardless of regolith type, intermediate and deep aquifers (i.e. aquifers deeper than 10 m) 
are mainly semi-confined.  However, piezometric and watertable heads indicate that there is 
a strong connection between the saprolite and sedimentary aquifers. 
Within the saprolite aquifer, the weathering layer is relatively thin and generally of a clayey 
texture with some fracturing in the bedrock evident.  Consequently, transmissivity in the 
saprolite aquifers is likely to be low compared with similar aquifers in the eastern wheatbelt 
where permeabilities were an order of magnitude higher than the overlying saprolite clay 
(George 1992).  The low flow rates recorded for many of the York bores during airlifting 
supports this conclusion.   
By contrast, the deep alluvial sequences found on lower slope and valley sites contained 
many relatively permeable layers.  In sites 02YK01, 02YK02, 02YK11, 02YK13, 02YK014, 
02YK17, 02YK20, 02YK23 and 02YK25 the total thickness of sandy and coarse textured 
sediments was between 13 and 32 m.  Material recovered in drill cuttings indicated these 
bores were drilled on a palaeochannel of the proto-Avon River.  The production bore and 
associated monitoring bores were located between sites 02YK14 and 02YK20 where they 
intersected 23 m of highly permeable, unconsolidated and saturated sediments.  The July 
2003 aquifer test at 02YKPB1 established that the aquifer had a transmissivity of 35 to 
44 m2/day and hydraulic conductivity of 1.5 to 1.9 m/day (Global Groundwater 2003).  Since 
storage was not depleted by the 24-hour test, it was estimated that a discharge rate of 
350 m3/d could be sustained over a 180 day pumping period, producing 63,000 kL/yr.  
Head differences in bores show that groundwater flow is away from the slopes toward the 
palaeochannel and then down gradient within the channel.  The gradients along the 
palaeochannel reduced with depth; i.e. the shallow aquifer (less than 10 m below ground 
level) had a higher gradient than the intermediate (at ~20 m) and deep aquifers (greater than 
35 m deep); gradients were 0.001, 0.0009 and 0.0007 respectively, indicting a slower rate of 
flow at depth than at the surface. 
3.3 Assessment of salinity risk 
York does not have a significant current salinity problem, with watertables well below critical 
depths at which damage is likely to affect infrastructure.  A study of six WA wheatbelt towns 
(Department of Agriculture 2001) indicated that where groundwater levels are deeper than 
1.5 m, damage to buildings from rising damp is likely to be the result of poor surface water 
drainage and not solely from any interaction with the groundwater table.  This process 
appears to be the cause of infrastructure damage in York, as groundwater levels at all but 
two sites were deeper than 3 m.  
Elevated shallow watertables in the parkland along the river floodplain south of South Street 
(surrounding site 02YK13) are causing salinity at the surface resulting in the emergence of 
salt-tolerant plants.  Salinity in this area is most likely compounded by recharge from an 
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unlined drain discharging in the vicinity of 02YK13 effectively saturating the clay soils, 
leading to the accumulation of salt at the surface through capillary rise.  Impermeable clays 
and low groundwater gradients are characteristic of the valley floodplain and these 
characteristics tend to reduce throughflow from perched watertables upslope.  The resulting 
groundwater accretion increases the potential for the emergence of salinity along the rivers 
floodplain.  The effect is likely to be worse in wet years when the Avon River level is high 
enough to produce a gradient away from the river, resulting in recharge of the watertable 
beneath the floodplain.  
Another area of concern is between Forrest Street and Peace Park and encompassing the 
hockey grounds.  At four sites in this area, bores installed between 6 and 15 m into tertiary 
sediments (02YK18S, 02YK19I, 02YK20S and 02YK32S) had EC values from two to six 
times that of bores into the deep (saprolite) aquifer and twice that of neighbouring bores of 
similar depths also constructed within sediments (refer to Table 2-1 for values).  The 
September 2002 EC measurement of 02YK19S was also high (1380 mS/m); the bore is 
3.9 m deep and the static water level at the time was 3.8 m below ground level. 
The cause of elevated salinities in this area may be a consequence of natural variability in 
salt store in the regolith associated with a geological anomaly, however, the EC of 
groundwater in other bores installed throughout York is considerably lower (always below 
800 mS/m) than that recorded in the bores surrounding the sportsgrounds.  Considering the 
amount of salt applied with irrigation water it is conceivable that the increased salinity may be 
due to the watering history.  
The football and hockey grounds cover 3.7 ha.  Irrigation has continued since 1965 and from 
occasional measurements the average salinity of the irrigation water over this time was 
estimated at 400 mS/m or 2200 mg/L (S. Vincent, Shire of York Works Foreman, pers. 
comm.).  The water, sourced from recycled waste water, the town’s dam and more recently 
from a production bore adjacent to the dam, has been applied every second day at a daily 
rate of 5 L/m2 between October and March.  From these figures around 20 t/ha/yr of salt has 
been applied to the sportsgrounds eclipsing the natural input from rainfall (containing 
5.1 mg/L) of around 25 kg/ha/yr.  In addition to these inputs is the amount of salt derived 
from scheme water applied to the nearby school ground, bowling greens and trotting track.  
While this was not calculated it is likely to have been a significant contribution to the salt load 
over time given that scheme water contains just under 300 mg/L TDS.  Considering these 
figures, it is conceivable that watering of sporting facilities and gardens has led to the higher 
than average salinity measured in the bores surrounding the sportsgrounds.  Calculation of 
the salt input from irrigation of the football and hockey grounds alone is shown below: 
Water and salt from irrigation of football ground 
Irrigation rate  
(kL/m2/day)  
Area 
(m2)  
No. of 
watering 
days/year 
 Water volume (kL/yr)  
Salt conc. 
(kg/kL)  
Weight of 
salt (kg/yr) 
0.005 x 37,000 x 180 = 33,300 x 2.2 = 73,260 
If the saline water took 37 years to migrate the 300 m to bore 02YK32, this represents a 
groundwater velocity (v) of 0.022 m/day.  Using the equation: 
V = K.i/n 
Assuming a porosity (n) of 0.4, the hydraulic conductivity (K) derived from the aquifer test of 
1.9 m/day, the gradient would approximate 0.005, similar to estimates calculated using 
groundwater monitoring data.  Hence it is a possible that irrigation of the sportsground is the 
cause of elevated groundwater salinities in this area.  
Continued irrigation with marginally saline to brackish water is likely to increase salinity levels 
and may lead to problems with maintaining appropriate, non-salt-tolerant vegetation on 
sportsgrounds and in domestic gardens watered from bores. 
YORK GROUNDWATER STUDY 
 23
Heads were upward or neutral in the nests down-gradient from the sportsgrounds, indicating 
a long-term risk of salinity in the area if intermediate saline aquifers continue to recharge 
surficial aquifers to the point that shallow watertables rise to critical depths.  Monitoring and 
analysis of data from bores in the area over the next 10 years will enable calculation of rates 
of change in watertable depth and better risk assessment, including estimates of the time 
interval before salinity occurs. 
Concerns were raised by the LCDC Chairman about the influence of groundwater pumping 
on the spread of the saline plume extending out from the sportsground.  A simple water 
balance suggests that pumping at the maximum sustainable rate of 350 m3/d is likely to 
cause the plume to spread toward the production bore as discharge from the bore would 
exceed recharge from all sources. Salinity of this groundwater is around 3000 mg/L, 1.5 
times more saline than irrigation water applied to the sportsgrounds in 2001.  In the event of 
extended pumping trials from 02YKPB1, additional bores should be established between the 
railway reserve and the sportsgrounds to provide information on interactions between 
irrigation at the sportsgrounds and pumping from the palaeochannel.   
Annual recharge + Flow in palaeochannel* - Discharge from bore = Difference 
Assumptions: 
Recharge rate = 45 mm 
(10% of annual rainfall)  
Recharge area = 30 ha 
Recharge from irrigated 
sportsgrounds 
(33,300 kL/y) 
 Assumptions: 
Width (w) of the palaeochannel = 100 m; 
hydraulic conductivity (K) = 1.9 m/day; 
depth (b) = 23 m; and  
gradient (i) = 0.001.  
 Assumptions:  
Bore pumped at 
350 kL/d for 180 days 
  
(0.045 m x 300,000 m2) + 
33,300  
= 13,500 + 33,300 kL/yr 
= 46,800 kL/y 
+ Q = w.T.i 
= 100 m. 2 m/day. 23 m. 0.001 m/m; 
    365 days 
= 1,700 kL/year 
- 180 d/y x 350 kL/d 
= 63,000 kL/y 
= -14,500 kL/y 
* The precise morphology of the palaeochannel is unknown so the exact flow volume through its 
aquifers can only be estimated.   
3.4 Salinity and groundwater management options 
Extended monitoring will determine the timeframe of emerging problems so the community 
can respond with the best course of action.  However, given the current low risk of salinity, 
recharge management options provide the most affordable response to managing 
groundwater related problems.  Recharge reduction options will have additional positive 
benefits including cost savings through reduced water use, better use of rainfall and reduced 
infrastructure damage from surface water.  
Options to reduce the salinity of recycled water from the wastewater treatment plant may 
need to be explored.  
A number of options are available to reduce recharge within the townsite including: 
● repairing leaks from water pipes, pools, dams, drains and culverts; 
● scheduling to prevent over-watering of domestic gardens, parks and sporting facilities; 
over-watering needs to be balanced with leaching requirements if brackish water 
continues to be used; subsurface drainage of irrigated grounds should be considered 
to prevent recharge of the leaching component; alternative salt-tolerant species may 
need to be considered to maintain grass cover on the sportsgrounds); 
● continue the sewage infill scheme - in the current phase only 55% of eligible premises 
had connected by December 2002; 
● improve drainage to prevent surface water ponding where it may become recharge; 
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● grow more perennial plants in parks and gardens and on any bare land (including 
disused sand and gravel pits) and grassed areas. 
If monitoring indicates that groundwater levels are rising below the town and that agricultural 
land to the west is causing part of the problem, then recharge reduction measures (such as 
perennial crops or pastures, surface water control and strategic tree-planting) should be 
considered on this part of the catchment.  
Developing the groundwater resource to offset shortfalls in local water supply and reduce 
reliance on scheme water could provide new water use opportunities for York.  However 
groundwater would need to be diluted by at least three parts groundwater to one part 
scheme water to reduce salinity to an acceptable level for irrigation.  Regular and frequent 
monitoring of the piezometer network over the long-term will keep track of changes in salinity 
and water levels and identify where the risk of salinity is likely to occur in the future.  
Watertables are still well below ground level through the town centre so groundwater 
abstraction is not required yet to address salinity. 
YORK GROUNDWATER STUDY 
 25
4. Conclusions 
Currently the area at risk of salinity in York is confined to the lower floodplain adjacent to the 
Avon River, where shallow saline groundwater is resulting in a shift to more salt-tolerant 
plants.  In Pioneer Park this effect may be masked for some time due to routine garden 
watering.  
Elsewhere watertables are greater than 3 m below the surface and therefore unlikely to be 
the cause of rising damp.  Damage through rising damp to town buildings is most likely as a 
result of waterlogging due to poor drainage and low throughflow in the heavy clay subsoils. 
Groundwater damage to town infrastructure is unlikely to occur unless the watertable rises to 
within 2-3 m of ground surface depending on soil type (Department of Agriculture 2001).  
Continued regular monitoring over the long-term will establish watertable trends across 
average and high rainfall years. 
Irrigation of sportsgrounds, parks and domestic gardens within the York townsite seems to 
be the major source of recharge to groundwater systems.  The ongoing use of marginal to 
brackish groundwater to irrigate the football oval is of serious concern.  
Electrical conductivity measurements indicate that groundwater is generally marginally fresh 
to brackish.  The highest ECs were in bores adjacent to the sportsgrounds and this may be 
associated with watering practice over many years. 
Gradients calculated from bore data show groundwater flows toward the palaeochannel and 
then downstream parallel to the Avon River on a very low gradient, reflecting the low slope of 
the River at York.  Bore yields from an aquifer test of bore 02YK01PB in Peace Park installed 
in the palaeochannel indicate a long term sustainable (180 day) yield of 350 kL/day.  
Groundwater abstraction from the palaeochannel in conjunction with desalination may 
provide a useful water resource option, though a thorough feasibility study to identify risks 
and issues associated with its use and management is required first.   
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5. Recommendations 
Two aspects of groundwater concern York.  The immediate concern is poor drainage of 
surface and shallow subsurface water that damages buildings and other infrastructure.  The 
longer-term concern is secondary salinity that will appear if the watertable rises to within 2 m 
of the surface through the business district. 
The following recommendations are targeted to manage the current problem of surface and 
shallow subsurface water.  These strategies will have the added benefit of reducing recharge 
to the groundwater system thereby offsetting long-term salinity risk as well. 
1. Improve the storm water drainage system within town so that water is not trapped in 
the shallow subsurface layer and does not cause waterlogging.  Further engineering 
advice is required. 
2. Reduce recharge from within town to the groundwater system beneath by checking for 
and mending leaks in water pipes and faulty taps, drains, culverts, swimming pools, 
and the town dam.  
3. Ensure surface water does not pond and cause recharge; and that concrete or rock-
lined drains are well sealed so water cannot recharge the watertable. 
4. Provide incentives for landholders within the current Sewage Infill Area to connect to 
deep sewage and lobby to extend the sewage infill scheme to the remainder of the 
town. 
5. Monitoring the amount of water required by gardens, parks and sportsgrounds and 
avoiding over-watering.  Reduce the current level of water-use by using more native 
perennials in parks and gardens and preventing over-watering.  Waterwise principles 
should be promoted to all residents. 
6. Consider planting perennials on bare land and sparsely grassed areas within town.  
Care should be taken to match plant species to rainfall, soil type and salt levels.  
Information on the salt tolerance of plants is available from the Department’s website. 
7. Measure groundwater levels in the monitoring network at least four times a year for at 
least 10 years to determine if the watertable is rising.  After three years of monitoring, 
the data should be analysed using HARTT (Hydrograph Analysis: Rainfall and Time 
Trends) software.  HARTT removes the effect of atypical rainfall events from bore data 
to calculate groundwater level trends over time (Ferdowsian et al. 2001).  Further 
information on this method can be obtained from the Department of Agriculture. 
8. Encourage adoption of recharge reduction measures (such as perennial crops or 
pastures, surface water control and strategic tree-planting) on agricultural areas to the 
west of the catchment. 
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Recommendation to help manage deep groundwater issues 
Further investigations are required to establish if the groundwater pumping option can be 
implemented safely, environmentally and economically.  These could include: 
● down-hole geophysics survey using EM 39 equipment of deep bores within the zone of 
influence of the production bore.  This will provide details of stratigraphy and salt 
storage down the profile to add to understanding of salinity and flow processes in the 
area; 
● feasibility study of desalination processes; 
● extended aquifer test from production bore 02YKPB.  Additional monitoring bores 
should be installed between the railway and the sportsgrounds and race track.  This 
will confirm values for aquifer properties and gauge the effect of the pumping on the 
saline aquifer below the football and hockey grounds; 
● a geotechnical assessment and evaluation of the impact of pumping on heritage trees 
and buildings should be undertaken to identify risks related to these issues; 
● a review of irrigation scheduling and the longer term implications of irrigating with 
saline groundwater or recycled wastewater. 
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Appendix 
The following pages contain the hydrological drill logs for the bores drilled in 2002. 
The logs indicate the drilling depth to reach bedrock, the nature of the regolith below 
York, yields and construction details. 
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